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(57) ABSTRACT 

In the substrate test method of, a first test circuit is connected 
to an array substrate, and a signal for turning on all the thin 
film transistors arranged on the array substrate is supplied to 
a scanning line driving circuit. Also, a predetermined volt- 
age is applied to a signal line driving circuit through signal 
lines so as to supply a predetermined voltagp to a storage 
capacitor electrode. Under this condition, a high voltage 
sufficient for forming a potential difference higher than that 
in the stage of forming a storage capacitor is applied to the 
storage capacitor line. 

16 Claims, 7 Drawing Sheets 
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TESTING METHOD FOR A SUBSTRATE OF If such a defect is generated, the potential of the pixel 

ACTIVE MATRIX DISPLAY PANEL electrode is held stationary, with the result that the pixel is 

BACKGROUND OF THE INVENTION kept ^* Further, since a DC voltage is kept applied between 

m . . - J( „ the counter electrode and the pixel electrode, the liquid 

The present invention relates to a method of testing a 5 ^ osition in the liquid crystal layer 

substrate, i.e an array substrate of an active mafrix type rresponding to the defective pixel region ^ deteriorated, 

hquid crystal display panel device including switching ele- i j. - ■ ui * i* u-rL 

mentseachofwhichisformedof athinfilm transistorising leadm * to a prions problem m reliability, 

a polycrystalline silicon (polysilicon) film or the like as a BRIEF SUMMARY OF THE INVENTION 
semiconductor layer and pixel electrodes arranged to form a 

matrix or a method of testing flat panel display including a 10 The present invention, which has been achieved in view 

substrate, i.e., a Hquid crystal display panel device including of the problems described above, is intended to provide a 

such an array substrate. test method of a substrate, in which short-circuit is positively 

The array substrate included in an active matrix type brought about between the electrodes in respect of a pixel 

liquid crystal display panel device is equipped with a wMch may possibly become defective in future so as to limit 

plurality of scanning lines formed on an insulating substrate 15 me defects to local defects and, thus, to prevent the appa- 

and a plurality of signal lines crossing these scanning lines. ratus fr°m being rejected from the market. 

The array substrate is also equipped with a plurality of thin Another object of the present invention is to provide a test 

film transistors (TFFs) each using a polysilicon film as a method of a substrate, in which a defective short-circuit 

semiconductor layer, which are formed at the cross points between the electrodes forming a storage capacitor is 

between the scanning lines and the signal lines, and with a 20 improved in respect of a substrate having local defects the 

plurality of pixel electrodes arranged in a plurality of pixel number of which is smaller than a predetermined number so 

regions defined by these scanning lines and signal lines to as to improve the product yield and a reliability, 

form a matrix. According to an aspect of the present invention, there is 

In the active matrix type liquid crystal display panel ^ provided a test method of a substrate comprising pixel 
device, the electrical charge written in the liquid crystal electrodes arranged to form a matrix, a plurality of scanning 
capacitance between the pixel electrode and the counter lines arranged along the rows of the pixel electrodes, a 
electrode during the selected period of the scanning line is plurality of storage capacitor lines arranged along the scan- 
changed during the non-selected period by the parasitic ning lines and applied a first voltage thereto, a plurality of 
capacitances, the off-leak current of the TFT element and the ^ signal lines arranged along the columns of the pixel elec- 
potential fluctuation of the adjacent signal lines so as to trodes and applied a fourth voltage which is in the range 
bring about a crosstalk generation or reduction of the from a second voltage to a third voltage higher than the 
contrast ratio. To suppress occurrence of such a problem, the second voltage, a plurality of switching elements arranged in 
liquid crystal display panel device of this type is constructed the vicinity of crossing points between the scanning lines 
in general such that a storage capacitor is formed in parallel 35 and the signal lines and selectively applying the fourth 
electrically with the liquid crystal capacitance formed voltage from the signal lines to the pixel electrodes, the 
between the pixel electrode and the counter electrode. method comprising the steps of: setting the switching ele- 

In the active matrix type hquid crystal display panel ments associated with plural of the scanning lines ON state; 
device using a polysilicon film, the storage capacitor is applying voltages to the signal lines and the storage capaci- 
provided by a MOS structure. Specifically, the storage ^ tor lines so that each potential difference between the storage 
capacitor consists of a storage capacitor electrode formed of capacitor lines and storage capacitor electrodes is substan- 
a polysilicon film doped with an impurity and a storage tially equal to or higher than a maximum potential difference 
capacitor line consisting of a metal film arranged to face the between the first voltage and the fourth voltage; and main- 
storage capacitor electrode with an insulating film inter- taining the each potential difference between the storage 
posed therebetween. 45 capacitor lines and storage capacitor electrodes for a prede- 

Each of the semiconductor layer of the TFT consisting of termined period, 

the polysilicon film and the storage capacitor electrode, In the method of the present invention, voltage that makes 

which are used in the particular liquid crystal display panel a potential difference between the storage capacitor line and 

device, is formed by irradiating an amorphous silicon film the storage capacitor electrode higher than that in the step of 

formed on a glass substrate with an energy beam such as an 50 forming the storage capacitor is kept applied to the storage 

excimer laser for annealing the amorphous silicon film. capacitor line and the storage capacitor electrode for a 

In the process of forming the polysilicon film, amorphous predetermined period of time to make the pixel, in which a 

silicon that is temporarily melted is recrystallized and solidi- short-circuit defect is expected to take place between the 

fied to form polysilicon. In this case, projections are formed electrodes forming a storage capacitor in future, locally 

on the surface of the resultant polysilicon film by, for 55 defective. Then, the number of defects is counted, followed 

example, a difference in volume between the amorphous by supplying only those substrates which have defects the 

silicon layer and the polysilicon film. number of which is smaller than a predetermined number to 

The thickness of a gate insulating film formed on the ^ succeeding step, 

polysilicon film is substantially decreased above these pro- It should also be noted that the substrates having defects 

jections. Therefore, if a potential difference is generated 60 the number of which is smaller than the predetermined 

between the polysilicon film and a metal film formed on the number are electrically detached from the pixel electrodes of 

gate insulating film, the withstand voltage characteristics of the pixel regions corresponding to the storage capacitor 

the transistor are deteriorated. As a result, local defects such electrodes so as to improve the pixel in which a short-circuit 

as short-circuit and current leakage tend to take place in defect has taken place to a semi-lit state. 

futur e between the polysilicon film (semiconductor layer of 65 It follows that the present invention provides a test 

TFT) and the gate electrode and between the polysilicon film method of a substrate which permits improving the product 

(storage capacitor electrode) and the storage capacitor line. yield and the reliability. 
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Additional objects and advantages of the invention will be the counter substrate. A counter electrode driving circuit 20 

set forth in the description which follows, and in part will be for driving the counter electrode 91 is arranged as an 

obvious from the description, or may be learned by practice external circuit electrically connected to the array substrate, 

of the invention. The objects and advantages of the invention A liquid crystal capacitance CL is formed by the liquid 

may be realized and obtained by means of the instrumen- 5 crystal layer 100 interposed between the pixel electrode S3 

talities and combinations particularly pointed out hereinaf- and the counter electrode 91. 

t cr The array substrate comprises a plurality of storage 

capacitor elements, i.e., a pair of electrodes, for forming a 

BRIEF DESCRIPTION OF THE SEVERAL storage capacitor CS electrically in parallel to the liquid 

VIEWS OF THE DRAWING io capacitance. To be more specific, the storage capaci- 
tor is formed a storage capacitor electrode 61 that is equal in 

The accompanying drawings, which are incorporated in potential to the pixel electrode 53 and a storage capacitor 

and constitute a part of the specification, illustrate presently line 52 set at a predetermined potential A storage capacitor 

preferred embodiments of the invention, and together with driving circuit 21 for driving the storage capacitor line 52 is 

the general description given above and the detailed descrip- arranged as an external circuit electrically connected to the 

tion of the preferred embodiments given below, serve to 1 array substrate like the counter electrode driving circuit 20. 

explain the principles of the invention. When the corresponding scanning line is driven by the 

FIG. 1 schematically shows the construction of an active scanning line driving circuit 18, the pixel electrode 53 of the 

matrix type liquid crystal display panel device to which a corresponding column is selected to allow the signal lines 

substrate test method of tbe present invention is applied; M xl to to be *™» b y mc "S™ 1 bnc dri y m S circuit 19. 

_ . „ , . „ -1 In this step, each thin film transistor 75 is used as a switching 

HO. 2 » a plan view schematically showing a pixe £ & ^ rf ^ ^ to ^ 

region of the active matrix type liquid crystal display panel electrodes S3 of these corresponding columns, 

device shown in FIG. 1; r , . . .f 10 . . , 

The scanning line driving circuit 18 successively supply 

FIG. 3 is a plan view showing in a magnified fashion tbe a voltage to ^ scanning ^ Y l to Ym with a 

region including a joining wiring of the active matrix type 25 horizontal scanning peri od. On the other hand, the signal 

liquid crystal display panel device shown m FIG. 2; Une driving drcuit 19 suppHes a pixd signal volUge to the 

FIG. 4 is a cross sectional view along the line A-B-C-D s i gna i ii nes XI to Xn in each horizontal scanning period, 
shown in FIG. 3; Further, the signal tine driving circuit 19, the scanning 

FIG. 5 is for explaining the step of applying a high voltage ^ line driving circuit 18, the counter electrode driving circuit 

between a storage capacitor line and a storage capacitor 20 and the storage capacitor driving circuit 21 are connected 

electrode in the substrate test method of the present inven- to a control circuit 22 forming a video signal, a control 

tion; signal, etc. 

FIG. 6 schematically shows the construction of a scanning As shown in FIGS. 2 to 4, a signal fine 50 is arranged in 

line driving circuit; 35 a direction perpendicular to and apart from a scanning line 

FIG. 7 is a timing chart for driving the scanning tine in the 51 ^ a storage capacitor line 52 with an interlayer insu- 

step shown in FIG. 5 on the basis of a signal supplied from luting film 76 interposed therebetween within a single pixel 

a first test circuit to a scanning line driving circuit; and region of the array substrate 86. The storage capacitor line 

FIG. 8 shows a circuit for counting the number of defects f the scanning line 51, which extend in parallel, are 

in the substrate test method of the present invention. 40 f 0 ™^ ^ ^ f"*o layer. Apart of the storage capacitor 

line 52 is arranged to face a storage capacitor electrode 61 

DETAILED DESCRIPTION OF THE formed of a polysilicon film doped with an impurity, with a 

INVENTION S ate insulating film 62 interposed therebetween, to form the 

storage capacitor CS. 

A method for testing an array substrate used in an active^. ^ pixcl c]cctrodc 53 ^ arranged above the signal fine 50 

matrix type liquid crystal display panel device according to md me storage capac itor line 52 with the peripheral portion 

one embodiment of the present invention will now be mercof overlapping thereon. The thin film transistor func- 

desenbed with reference to the accompanying drawings. tionmg as a sw i tc hing element, i.e„ the TFT 75, is arranged 

Specifically, a liquid crystal display panel device shown in in the vicinity of the cross point between the signal line 50 

FIG. 4 comprises an array substrate, a counter substrate^ and the scanning line 51. The TFT 75 consists of an 

arranged to face the array substrate, and a liquid crystal layer N-channel type lightly doped drain type element, i.e., an 

100 held between the array substrate and the counter sub- element of an N-channel LDD structure, 
strate. The TFT 75 comprises a semiconductor layer 87 formed 

The array substrate integrally comprises (mxn)-number of of the polysilicon film constituting the storage capacitor 

pixel electrodes 53 arranged to form a matrix, an m -number 55 electrode 61 and a gate electrode 63. A drain region 66 and 

of scanning lines Yl to Ym arranged along the rows of these a source region 67 are formed in the semiconductor layer 87. 

pixel electrodes 53, an n-number of signal lines XI to Xn Also, the gate electrode 63 consists of a part of the scanning 

arranged along the columns of the pixel electrodes 53, an line 51 arranged with a gate insulating film 62 interposed 

(mxn)-number of thin film transistors 75 arranged as non- therebetween. The drain region 66 is electrically connected 

linear switching elements in the vicinity of cross points so to the signal fine 50 via a contact hole 77 so as to form a 

between the scanning lines Yl to Yn and the signal lines XI drain electrode 88. On the other band, the joining wiring 80 

to Xn in a manner to correspond to the (mxn)-number of the serves to electrically connect the source region 67 to the 

pixel electrodes 53, a scanning line driving circuit 18 for pixel electrode 53 via a contact hole 78 so as to form a 

driving these scanning fines Yl to Yn, and a signal line source electrode 89. 

driving circuit 18 for driving the signal lines XI to Xn. 6 5 The joining wiring 80 electrically connects the source 

A counter electrode 91 set at a reference potential and electrode 89 of the TFT 75, the pixel electrode 53 and the 

arranged to face a plurality of pixel electrodes is mounted to storage capacitor electrode 61 to each other. 
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To be more specific, the source region 67 is electrically regions included in a display region, i.e., pixel TFT's 75, 

connected to a first contact electrode 67C via the contact channel regions of TFTs formed in driving circuit region, 

hole 78. The pixel electrode 53 is electrically connected to i.e., circuit TFFs 69, 72, and the storage capacitor electrode 

a second contact electrode 53 C via contact holes 83 A, 83B. 61 for forming a storage capacitor, together with the aperture 

Further, the storage capacitor electrode 61 is electrically 5 54. 

connected to a third contact electrode 61C via a contact hole j n the next step, a silicon oxide (SiOJ film is deposited on 

79. the entire surface of the substrate 60 in a thickness of about 

The first contact electrode 67C is electrically connected to 100 nm by a CVD method, etc. to form a gate insulating film 

the second contact electrode 53C by a first joining portion 62. Further, a metal film consisting of tantalum (Ta), chro- 

80A of the joining wiring 80. As a result, the first joining i° mium (Cr), aluminum (Al), molybdenum (Mo), tungsten 

portion 80A permits the source electrode 67 to be electri- (W), copper (Cu), a laminate film thereof, an alloy film 

cally connected to the pixel electrode 53. thereof, e.g., Mo — W alloy film, is deposited on the entire 

The second contact electrode 53C is electrically con- surface of the gate insulating film 62 in a thickness of about 

nected to the third contact electrode 61C by a second joining 400 nm. Then, the resultant metal film is patterned in a 

portion 80B of the joining wiring 80. As a result, the second 15 desired pattern by a photo-etching method, etc. to form the 

joining portion 80B permits the pixel electrode 53 to be scanning lines 51, the storage capacitor lines 52 positioned 

electrically connected to the storage capacitor electrode 61. to face the storage capacitor electrode 61 with the gate 

The second joining portion 80B is formed contiguous to the insulating film 62 int erpos ed therebetween, the gate elec- 

first joining portion 80A. trode 63 of the pixel TFT 75 extending from the scanning 

As a result, the source electrode 89 of the TFT 75, the 20 line 51, the gate electrodes 64, 65 of the circuit TFT's 69, 72, 

pixel electrode 53 and the storage capacitor electrode 61 various wirings within the driving circuit region. In this 

have the same potential ste P> me aperture 54 { s ^ 0 formed in the storage capacitor 

At least a part of the second joining portion 80B includes Une 52 * m ^ storage capacitor electrode 61. 

a wiring portion 80X that does not overlap with the storage Tten, impurities are implanted into the silicon film by 

capacitor line 52 and the storage capacitor electrode 61. To means of an ion implantation method or an ion doping 

be more specific, the storage capacitor line 52 and the method using these gate electrodes 63, 64, 65 as a mask so 

storage capacitor electrode 61 have an aperture 54 in this as to form a drain region 66 and a source region 67 of the 

embodiment at a predetermined region that overlap with the pixel TFT 75, a contact region 68 of the storage capacitor 

wiring portion 80X, as shown in FIGS. 2 to 4. As a result, electrode 61, and a source region 70 and a drain region 71 

the wiring portion 80X is exposed from the storage capacitor of to© N-channel type circuit TFT 69. In this embodiment, 

line 52 and the storage capacitor electrode 61 via the a high concentration of phosphorus ions were implanted at 

aperture 54, when viewed from the back side of the array a dose of 5xl0 15 atoms/cm 2 under an accelerating energy of 

substrate 86, as shown in FIG. 4. A columnar spacer 55 80 keV, using PH 3 /H 2 . 

serving to keep the array substrate 86 and the counter 35 In the next step, the pixel TFT 75 and the N-channel type 

substrate 92 a predetermined distance apart from each other circuit TFT 69 within the driving circuit region were covered 

is mounted to correspond to the aperture 54 of the storage with a resist to prevent impurities from being implanted 

capacitor line 52 and the storage capacitor electrode 61 to thereinto, followed by performing an impurity implantation 

prevent a contrast ratio from being lowered by light leakage. using the gate electrode 64 of a P-channel type circuit TFT 

The particular construction described above is effective in 40 72 as a mask so as to form a source regio n 73 and a drain 

that, where short-circuit has taken place between the second region 74 of the P-channel type circuit TFT 72. In this 

joining portion 80B close to the third contact electrode 61 embodiment, a high concentration of boron ions were at a 

and the storage capacitor line 52 or between the storage dose of 5xl0 15 atoms/cm 2 under an accelerating energy of 

capacitor line 52 and the storage capacitor electrode 61, the 80 keV, using B^g/H^ After the ion implantation, impuri- 

wiring portion 80X exposed to the outside when viewed 45 ties are injected to form an N-channel type LDD region in 

from the back side of the array substrate 86 is irradiated with each of the pixel TFT 75 and the circuit TFT 69, followed 

a laser beam for cutting the wiring portion 80X. By cutting by annealing the entire substrate so as to activate the 

the wiring portion 80X of the joining wiring 80, it is possible impurities . 

to electrically isolating the short-circuit portion of the stor- Then, a silicon dioxide (SiO^ film is formed on the entire 

age capacitor Cs from the TFT 75 so as to repair the 50 surface of the substrate 60 in a thickness of about 500 nm to 

short-circuit. form an interlayer insulating film 76. After formation of the 

A method of manufacturing an active matrix type liquid interlayer insulating film, contact holes are formed through 

crystal display panel device of the construction described the gate insulating film 62 and the interlayer insulating film 

above will now be described with reference to FIGS. 1 to 4. 76 by a photo -etching method, said contact holes including 

In the first step, an amorphous silicon film, i.e., a-Si film, 55 a contact hole 77 leading to the drain region 66 of the pixel 
is deposited in a thickness of about 50 nm by, for example, TFT 75, a contact hole 78 leading to the source region 67, 
a CVD method on a transparent insulating substrate 60 such a contact hole 79 leading to a contact region 68 of the storage 
as a glass substrate having a high melting point or a quartz capacitor electrode 61, and contact holes leading to the 
substrate. In this step, an ion implantation is carried out for source regio ns 70, 73 and the drain regions 71, 74 of the 
controlling the threshold value of the TFT 75. Then, an 60 circuit TFT' S 69 and 72, respectively, 
annealing is performed at 450° C. for one hour, followed by Further, a metal film consisting of Ta, Cr, Al, Mo, W, Cu, 
applying a dehydrogenation treatment and subsequently a laminate thereof and an alloy thereof, e.g., Al-Nd alloy, is 
irradiating the deposited a-Si film with an excimer laser so formed in a thickness of about 500 nm, followed by patter- 
as to convert the a-Si film into a poly crystalline film. Then, ing the metal film in a predetermined shape by a photo- 
the silicon film that has been made poly crystalline, i.e., the 65 etching method. As a result, the signal line 50 is formed and, 
poly silicon film, is patterned by a photo -etching method so at the same time, the drain electrode 66 of the pixel TFT 75 
as to form channel regions of TFT's formed in the pixel is electrically connected to the signal line 50. Also formed 
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simultaneously are a first contact electrode 67C electrically 
connected to the drain electrode 66 of the pixel ITT 75, a 
second contact electrode S3C electrically connected to a 
pixel electrode 53 that is to be formed later, and a third 
contact electrode 61C electrically connected to the storage 5 
capacitor electrode 61. Further, also formed simultaneously 
are the first joining portion 80A that permits the first contact 
electrode 67C and the second contact electrode 53C to be 
electrically connected to each other, and the second joining 
portion 80B that permits the second contact electrode 53C io 
and the third contact electrode 61C to be electrically con- 
nected to each other. Still further, also formed are various 
wirings of the circuit TFTs 69 and 72 within the driving 
circuit region. 

It should be noted that the first contact electrode 67C, the 15 
first joining portion 80A, the second contact electrode 53C, 
the second joining portion 80B and the second contact 
electrode 61C are all formed integral to constitute the 
joining wiring 80. 

In the next step, a silicon nitride (SiN^) film is deposited 20 
on the entire surface of the substrate 60 to form a protective 
insulating film 82, followed by forming a contact hole 83A 
leading to the second contact electrode 53C in the protective 
insulating film 82 by a photo-etching method. After forma- 
tion of the contact hole 83A, colored layers 84R, 84G and 25 
84B having, for example, pigments of red, green and blue 
dispersed therein, respectively, are formed in a thickness of 
about 2 /an in every pixel region. Then, formed is a contact 
hole 83B leading from a pixel electrode 53, which is to be 
described later, to the second contact electrode 53C. 30 

Further, a transparent conductive film, e.g., an ITO 
(indium-tin oxide) film, is formed on the entire surface in a 
thickness of about 100 nm by a sputtering method, followed 
by pattering the transparent conductive film in a desired 
shape by a photo-etching method. As a result, the pixel 
electrode 53 is formed. At the same time, the pixel electrode 
53 is electrically connected to the second contact electrode 
53C, and the source electrode 67 of the pixel TFT 75 is 
electrically connected to the pixel electrode 53 via the first 
wiring portion 80A of the joining wiring 80. 

Finally, the entire surface is coated with an organic 
insulating layer having, for example, a black pigment dis- 
persed therein in a thickness of about 5 /*m, followed by 
forming the columnar spacer 55 by a photo-etching method 45 
in a manner to close the aperture 54. 

The array substrate 86 of the active matrix type liquid 
crystal display panel device thus manufactured is supplied to 
a test process. 

In the test process, a first test circuit TS1 is connected to 50 
the array substrate 86, as shown in FIG. 5. The first test 
circuit TS1 applies a high voltage between the storage 
capacitor electrodes and the storage capacitor lines, in 
respect of a pixel in which short-circuit may take place in 
future to bring about a pixel defect, to localize the defective 55 
pixel. 

' To be more specific, a liquid crystal display panel device 
using the TFT 75, in which a polysilicon film is used as a 
semiconductor layer, comprises a storage capacitor element 
for forming a storage capacitor. The storage capacitor ele- so 
ment includes the storage capacitor electrode 61 consisting 
of a polysilicon film and the storage capacitor line 52 
consisting of a metal film arranged to face the storage 
capacitor electrode 61 with the gate insulating film 62 
interposed therebetween. The polysilicon film is formed by 65 
annealing an amorphous silicon film with an excimer laser, 
as described previously. In the annealing step, projections 
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are likely to be formed on the surface of the polysilicon film. 
The projections thus formed cause the thickness of the gate 
insulating film formed on the polysilicon film to be substan- 
tially decreased, leading to deterioration of the withstand 
voltage characteristics. 

Therefore, the first test circuit TS1 applies a high voltage 
higher than the voltage under the ordinary driving step 
between the storage capacitor elements, in which short- 
circuit and current leak may occur in future, i.e., between the 
storage capacitor electrode 61 consisting of a polysilicon 
film and the storage capacitor line 52 consisting of a metal 
film, so as to localized the defective pixel before forming a 
liquid crystal cell. 

In the ordinary driving method, the TFT is kept turned off 
over substantially the entire driving time. Therefore, even if 
a high voltage is applied to the storage capacitor line 52, the 
storage capacitor electrode 61 is in a floating state, resulting 
in failure to generate a high potential difference to be storage 
capacitor element. In an array substrate having a display area 
of 8.4 inches, each of the storage capacitor elements is 
turned on for only a fraction of l /27,ooo. In other words, it is 
necessary to operate the array substrate for 27,000 seconds, 
i.e., about 7.7 hours, in order to keep a high voltage applied 
for one second to each the storage capacitor elements of the 
pixels. 

Therefore, the first test circuit TS1 supplies to the scan- 
ning line driving circuit 18 a signal that drives all the 
scanning lines Yl, Y2, . . . Ym to turn on all the TFT's 75 
arranged in the direction of the column selected by these 
scanning lines, Le., to render these TFT's 75 conductive. The 
first test circuit TS1 also supplies to the signal line driving 
circuit 19 a signal that drives all the signal lines XI, X2, . 
. . Xn to apply a predetenmned potential through the signal 
fines to all the TFT's 75 that have been turned on. 

To be more specific, the scanning line driving circuit 18 
comprises an m-number of shift registers SR/R1 to S/Rm 
and an m-number of buffers Bl to Bm. These shift registers 
S/Rl to S/Rm are connected in series and serve to latch a 
start pulse supplied from the outside in response to a clock 
signal supplied from the outside so as to output in parallel 
shift pulses to the buffers Bl to Bm. 

In the test process, the first test circuit TS1 supplies a 
clock signal and a start pulse fixed at a high level to the 
scanning line driving circuit 18 as shown in FIG. 7. Each of 
the shift registers of the scanning line driving circuit 18 
latches the start pulses in the order of S/Rl, S/R2 . . . S/Rm 
in response to the clock signal. As a result, the scanning lines 
are driven in the order of Yl, Y2, . . . Ym. Therefore, all the 
scanning lines Yl to Ym are driven one frame later to turn 
on all the TFT's 75 in the direction of the column selected 
by the scanning lines. 

Similarly, the first test circuit TS1 supplies a clock signal 
and a start pulse fixed at a high level to the signal line driving 
circuit 19 and also supplies a predetermined video signal 
voltage so as to drive all the signal lines XI, X2, . . . Xn. To 
be more specific, a fixed voltage of 5V is supplied from a 
pad PD to each of video buses A and B so as to apply a 
voltage of 5V to all the signal lines XI, X2, . . . Xn under 
the control of the shift registers S/R that are sequentially 
turned on, as shown in FIG. 8. As a result, a predetermined 
voltage is applied through a signal line to each of all the 
TFT's 75 that are turned on. In other words, the potential of 
the signal line is applied to all the pixel electrodes 53 and the 
storage capacitor electrodes 61 that are electrically con- 
nected to each other by the joining wiring 80. 

Under this state, the first test circuit TS1 applies a high 
voltage to all the storage capacitor lines 52 for a predeter- 
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mined period of time. The high voltage applied to the storage horizontal scanning period, in response to a clock signal 
capacitor line 52 represents a voltage forming a potential supplied in synchronism with the pixel signal supplied from 
difference greater than the maximum potential difference the outside so as to output shift pulses in parallel, 
formed between the storage capacitor electrode 61 and the In an "image-on-screen" mode, the selection circuit sec- 
storage capacitor line 52 and not greater than 5 times, 5 tions SCI to SCn perform the selecting operation for select- 
preferably not greater than 3 times, as large as the maximum ing one of the first analog switches SW1A to SWnA and the 
potential difference. If a high voltage forming a potential second analog switches SW1B to SWnB at the timing for 
difference more than 5 times as large as the maximum each of the registers S/Rl to S/Rn to latch the start pulse, 
potential difference is applied, the normal storage capacitor The selecting operation is performed on the basis of a 
elements are adversely affected. 10 polarity signal supplied from the outside and inverted for 

Where a polarity inversion voltage falling within a range each frame, 
of 1 to 9V, whose polarity is inverted against to the 5V, is In a positive polarity frame, the first analog switches 
applied to the signal line during the ordinary driving, a SW1A to SWnA each consisting of an n-channel TFT are 
polarity reversed voltage of 1 to 9V is applied to the storage sequentially selected in synchronism with the shifting opera- 
capacitor electrode 61 connected to the signal line X through 15 tion of the shift register SR. The first analog switches SW1A 
the TFT. Also, a voltage of 15 V is applied to the storage to SWnA serve to sample-hold the pixel signal on the video 
capacitor line 52, In other words, the potential difference bus A at the timing selected by the selection circuit sections 
between the storage capacitor elements falls within a range SCI to SCn so as to output the pixel signal to the signal lines 
of 6 to 14V, i.e., about 10V, during the ordinary driving XI to Xn. 

period. On the other hand, in the testing step by the first test 20 j n a ne g auV e polarity frame, the second analog switches 

circuit TS1, a fixed voltage of 5V is applied to the storage SW1B to SWnB each consisting of a p -channel TFT are 

capacitor electrode 61 connected to the signal line X through sequentially selected in synchronism with the shifting opera- 

the TFT, and a voltage of 20V is applied to the storage tion of the shift register SR. The second analog switches 

capacitor line 52. In other words, the potential difference SW1B to SWnB serve to sample-hold the pixel signal on the 

between the storage capacitor elements is 15V in the testing 25 video bus B at the timing selected by the selection circuit 

step. This condition is maintained for 10 seconds or less, sections SCI to SCn so as to output the pixel signal to the 

preferably for 5 seconds in view of the productivity. signal lines XI to Xn. 

As described above, a predetermined voltage is applied to The signal driving circuit 19 receives a test control signal 

all the pixel electrodes 52 and the storage capacitor elec- in the test process and is connected to the second test circuit 

trodes 61, which are connected to each other via the TFT's 30 TS2 for measuring the currents flowing through the video 

75, by keeping a predetermined voltage applied to all the buses A and B. 

signal lines X for a predetermined period of time while In the signal line driving circuit 19, n-pairs of the first and 

turning on the TFT's 75 of all the pixels. Under this second analog switches SW1A, SW1B; SW2A, SW2B; 

condition, a high voltage forming a potential difference SW3A, SW3B; . . . ; and SWnA, SWnB are allotted to 

between the storage capacitor line and storage capacitor 35 n-number of signal lines, and the shift registers S/Rl to S/Rn 

electrode larger than that of the ordinary driving is kept and the selection circuit sections SCI to SCn sequentially 

applied to all the storage capacitor lines 52 for a predeter- select these n-pairs of the first and second analog switches 

mined period of time. This makes it possible to apply a high SW1A, SW1B; SW2A, SW2B; SW3A, SW3B; . . . ; and 

voltage between the storage capacitor elements of all the SWnA, SWnB so as to render conductive one of the selected 

pixels in a short time so as to achieve short-circuit between 40 pairs of the analog switches. 

the storage capacitor elements in which short-circuit may jhe test control signal is a digital signal. One of the H 

possibly take place in future, thereby localizing the particu- i eV el and the L level of the digital signal designates the 

tar storage capacitor elements. "image-on-screen" mode, with the other designating the 

In the next step, the number of defects occurring in the 45 "test" mode. The selection circuit section SCn performs the 

array substrate in which a high voltage has been applied to conventional function in the "image-on-screen" mode, and 

the storage capacitor line 52 is counted in the test process. turns on both the analog switches SWnA and SWnB in the 

In this embodiment, the test method described in Japanese "test" mode regardless of the theoretical values "H" and "L" 

Patent Application No. 10-169996 is used for counting the of the polarity signal at the timing for the register S/Rn to 

number of defects. 5Q latch the start pulse. 

To be more specific, a second test circuit TS2 is connected If the second test circuit TS2 is connected in the test 

to the signal line driving circuit 19. As shown in FIG. 8, the process, a test control signal generated in the control circuit 

signal line driving circuit 19 comprises an n-number of of the second test circuit TS2 and designating the test mode 

registers S/Rl to S/Rn, an n-number of selection circuit is outputted to the selection circuit section, 

sections SCI to SCn, an n-number of first analog switches ss Where the "test" mode is designated by the test control 

SW1A to SWnA, an n-number of second analog switches signal, the selection circuit sections SCI to SCn preferen- 

SW1B to SWnB, and video buses A and B. Each of these tially perform the control to render conductive simulta- 

first analog switches SW1A to SWnA is formed of an neously the paired first and second analog switches that are 

n-channel type polysilicon thin film transistor. Also, each of sequentially selected by the shift register SR regardless of 

these second analog switches SW1B to SWnB is formed of 60 the theoretical value of the polarity signal, 

a p-channel type polysilicon thin film transistor. It should be noted that, when the paired analog switches 

The video bus A transmits a pixel signal having a positive SW1A, SW1B; SW2A, SW2B; SW3A, SW3B; . . . ; SWnA, 

polarity, which is supplied from the outside, and the video SWnB allotted to the signal lines are rendered conductive 

bus B transmits a pixel signal having a negative polarity, simultaneously, the difference in resistance between the 

which is supplied from the outside. The resisters S/Rl to 65 paired analog switches is set at 200 Q or less. 

S/Rn are connected in series and serve to latch a start pulse In the test step, the video bus A is connected to a DC 

of a negative logic, which is supplied from the outside in a power source VA via a pad PD and an ammeter A, and the 
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video bus B is connected to a DC power source VB via is irradiated with a laser beam emitted from the back side of 
another pad PD. Under the connected state of the DC power the array substrate 86 so as to electrically cut a part of the 

sources VA and VB, gate potentials are applied to a thin film second joining portion 80B, thereby improving the pixel 

transistor PT and a thin film transistor NT to allow the defect to a semi-lit state and, thus, improving the yield, 

channels of these transistors to exhibit a low resistance 5 it should also be noted that, in this case, another short- 
simultaneously. If the voltage of the DC power source VB is circuit with another electrode does not take place because a 

set higher than that of the DC power source VA, current conductive film is not formed in any of the upper and lower 

flows from the DC power source VB toward the DC power layers of the cut portion. Further, a light-shielding columnar 

source VA vi a the p-channel type TFT (PT) and the spacer is arranged in a position corresponding to the aperture 

n-channel type TFT (NT), and the current value is measured 10 54 0 f the array substrate 86 on the side of the counter 

by the ammeter. substrate 92, making it possible to prevent the display 

The on-resistance of the paired analog switches consisting quality from being degraded by a lowered contrast, 

of the TFT (PI) and the TFT (NT) can be calculated from As described above, in the substrate test method of the 
the potential difference between the DC power source VA present invention, a first test circuit is connected to an array 

and the DC power source VB and the current value mea- 1 5 substrate, and a signal for turning on all the thin film 

sured by the ammeter, transistors arranged on the array substrate is supplied to a 

Therefore, where the on-resistance of the paired analog scanning line driving circuit. Also, a predetermined voltage 

switches is tested in respect of all the signal lines XI to Xn, is applied to a signal fine driving circuit so as to supply a 

both the TFT (PI) and TFT (NT) included in each of a predetermined voltage to a storage capacitor electrode 

plurality of pairs and allotted to these signal lines XI to Xn 20 through signal lines. Under this condition, a high voltage 

under the control by the shift register SR are sequentially sufficient for forming a potential difference higher than that 

rendered conductive, and the current values that are obtained in the stage of forming a storage capacitor is applied to the 

sequentially are all measured. In this fashion, it is possible storage capacitor line. As a result, it is possible to apply 

to measure the on-resistance of each of all the paired analog efficiently a high voltage between the storage capacitor line 

switches corresponding to all the signal lines. 25 and the storage capacitor electrode for every pixel. By this 

Where the resistance value falls within a range of between high voltage application, short-circuit is positively brought 
200 Q and 5000Q, the on-resistance of the paired analog about in a pixel in which short-circuit is likely to take place 
switches is judges as satisfactory. Where a resistance value in future so as to localize the defective pixel. It follows that 
higher than the upper limit of the range given above is it is possible to prevent short-circuit substantially corn- 
included, the number of defects is regarded as exceeding a pletely that may take place between a polysilicon film and a 
specified value. Naturally, the particular substrate is not metal film after the liquid crystal display panel device is put 
supplied to the subsequent manufacturing line so as to be °n the market. 

removed. Incidentally, the defect measurement is described In the next step, a second test circuit is connected to the 

in detail in Japanese Patent Application No. 10-169996. 35 array substrate to count the number of defects on the array 

On the other hand, when it comes to a substrate in which substrate. In this step, the array substrate having defects the 

the number of defects is not larger than a specified value, the number of which exceeds a predetermined value is removed 

short-circuit of the pixel that can be improved is subjected from the manufacturing fine. When it comes to the array 

to a repairing treatment. substrate having defects the number of which is not larger 

To be more specific, the source electrode 89 of the pixel 40 ^ a predetermined value, the short-circuit defect that can 

TFT 75 is connected to the pixel electrode 53 via the first be improved, i.e., the short-circuit between the storage 

joining portion 80Aof the joining wiring 80, and the pixel capacitor line and the storage capacitor electrode, is cut 

electrode 53 is connected to the storage capacitor electrode awa Y b y irradiating a part of the joining wiring exposed to 

61 via the second joining portion 80B of the joining wiring ^ outside with a laser beam so as to improve the short- 

80 in the array substrate 86, as shown in FIGS. 2 to 4. It 4S defect 10 a semi-lit state. It follows that it is possible 

follows that the source electrode 67, the pixel electrode 53 to improve the product yield and to prevent the reliability 

and the storage capacitor electrode 61 are electrically con- from bein S lowered by the occurrence of a pixel defect after 

nected to each other via joining portions that are indepen- me ht ^ d oy stal panel device is put on the market, 

dent of each other. In the embodiment described above, a high voltage is 

It should be noted that another conductive film is not 50 applied between the storage capacitor elements of all the 
present in at least a part of the second joining portion 80B m the test process. However, the present invention is 
for connecting the pixel electrode 53 to the storage capacitor not limited to the particular construction, as far as a high 
electrode 61. Also, the particular part is arranged in a region voltage can be efficiently applied simultaneously to the 
54 in which a light-shielding film is not present. In other storage capacitor elements of a plurality of pixels by the 
words, at least a part of the second joining portion 80B 55 conventional method. For example, it is possible to apply a 
extends through the aperture 54 formed commonly in the high voltage to the storage capacitor elements corresponding 
storage capacitor line 52 functioning as a light-shielding to each of a plurality of scanning lines or signal lines. It is 
conductive film and in the storage capacitor electrode 61 so s ^ so possible to apply a high voltage to the storage capacitor 
as not to overlap with the storage capacitor line 52 and the elements corresponding to the scanning lines on the odd- 
storage capacitor electrode 61. As a result, at least a part of 60 numbered rows, followed by applying a high voltage to the 
the second joining portion 80B is exposed to the outside storage capacitor elements corresponding to the even- 
when viewed from the back surface side of the array numbered rows. Further, it is possible to divide the screen 
substrate 86. Therefore, where a short-circuit defect has into upper and lower sections or right and left sections and 
been found between the storage capacitor line 52 and the to apply sequentially a high voltage to the storage capacitor 
storage capacitor electrode 61 forming a storage capacitor 65 elements corresponding to the divided sections, 
when a high voltage is applied to the storage capacitor line As described above, the present invention provides a test 
52 in the test process described above, the array substrate 86 method of a substrate. In the present invention, a defective 
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pixel, in which defect may take place in future, is localized 
by positively bringing about short-circuit between the elec- 
trodes forming a storage capacitor so as to prevent a defec- 
tive substrate from being included in the articles put on the 
market. 

Hie present invention also provides a test method of a 
substrate, in which, when it comes to a substrate having 
defects the number of which is not larger than a specified 
number, the short-circuit between the electrodes forming a 
storage capacitor is improved so as to improve the product 
yield and to improve the reliability. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 

1. A test method of a substrate comprising pixel electrodes 
arranged to form a matrix, a plurality of scanning lines 
arranged along the rows of said pixel electrodes, a plurality 
of storage capacitor lines coupled to a plurality of storage 
capacitor electrodes arranged along said scanning lines and 
applied a first voltage thereto, a plurality of signal lines 
arranged along the columns of the pixel electrodes and 
applied a fourth voltage which is in the range from a second 
voltage to a third voltage higher than said second voltage, a 
plurality of switching elements arranged in the vicinity of 
crossing points between said scanning lines and said signal 
lines and selectively applying said fourth voltage from said 
signal lines to said pixel electrodes, said method comprising 
the steps of: 

setting the switching elements associated with plural of 
said scanning lines ON state; 

applying voltages to said signal lines and said storage 
capacitor lines so that each potential difference between 
the storage capacitor lines and storage capacitor elec- 
trodes is substantially equal to or higher than a maxi- 
mum potential difference between the first voltage and 
the fourth voltage; and 

maintaining said each potential difference between the 
storage capacitor lines and storage capacitor electrodes 
for a predetermined period. 

2. A test method of a substrate according to claim 1, 
further comprising, after said voltage applying step, detect- 
ing characteristics of said switching element or substantial 
short-circuit between the storage capacitor lines and the 
storage capacitor electrodes. 

3. A test method of a substrate according to claim 2, 
wherein said switching elements consists of thin film 
transistors, each of which includes a first semiconductor film 
re-crystallized a silicon semiconductor film, and each of said 
storage capacitor electrodes includes second semiconductor 
films formed simultaneously in the first semiconductor 
forming step. 

4. A test method of a substrate according to claim 3, 
wherein each of said first and second semiconductor films is 
a polycrystalline silicon film. 

5. A test method of a substrate according to claim 2, 
wherein said substrate includes at least one of a signal line 
driving circuit connected to said signal lines and a scanning 
line driving circuit connected to said scanning lines. 

6. A test method of a substrate according to claim 2, 
wherein said second voltage is applied to said signal lines 
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and a fifth voltage higher than said third voltage is applied 
to said storage capacitor lines at said voltage applying step. 

7. A test method of a substrate according to claim 2, 
wherein the potential difference between the storage capaci- 

5 tor lines and storage capacitor electrodes is lower than 20V. 

8. A test method of a substrate according to claim 2, 
farther comprising, after said detecting step, in the case that 
a substantial short-circuit between at least one of said 
storage capacitor lines and at least one of said storage 

10 capacitor electrodes is detected, electrically detaching said 
corresponding one of said storage capacitor electrodes from 
corresponding one of said pixel electrodes. 

9. A method for testing a substrate having a plurality of 
pixel electrodes arranged in rows and columns forming a 

15 matrix, a plurality of scanning lines arranged along said 
rows of said pixel electrodes, a plurality of storage 
capacitors, each having storage capacitor electrodes, a plu- 
rality of storage capacitor lines arranged parallel to said 
scanning lines for applying a first voltage to said storage 
20 capacitor electrodes, a plurality of signal lines arranged 
along said columns of said pixel electrodes for applying a 
fourth voltage, said fourth voltage is in a range from a 
second voltage to a third voltage, said third voltage being 
greater than said second voltage, a plurality of transistor 
25 elements arranged about the crossing points between said 
scanning lines and said signal lines and selectively applying 
said fourth voltage from said signal lines to said pixel 
electrodes, said method comprising: 
setting the transistor elements associated with said scan- 
30 ning lines in an ON state; 

applying voltages to said signal lines and said storage 
capacitor lines so that each potential difference between 
the storage capacitor lines and storage capacitor elec- 
trodes is substantially equal to or higher than a maxi- 
35 mum potential difference between the first voltage and 
the fourth voltage; and 
maintaining said each potential difference between the 
storage capacitor lines and storage capacitor electrodes 
^ for a predetermined period. 

10. The method for testing a substrate according to claim 

9, further comprising: 

detecting characteristics of said transistor element after 
applying said voltage, and 
45 detecting any short-circuit between the storage capacitor 
lines and the storage capacitor electrodes after applying 
said voltage. 

11. Trie method for testing a substrate according to claim 

10, wherein said transistor elements including thin film 
50 transistors, each of said thin film transistors includes a first 

semiconductor film formed by re-crystallizing a silicon 
semiconductor film, and each of said storage capacitor 
electrodes includes second semiconductor films formed 
simultaneously in with the first semiconductor film. 
55 12. Hie method for testing a substrate according to claim 

11, wherein each of said first and second semiconductor 
films is a polycrystalline silicon film. 

13. The method for testing a substrate according to claim 
10, wherein said substrate includes at least one of a signal 

60 line driving circuit connected to said signal lines and a 
scanning line driving circuit connected to said scanning 
lines. 

14. The method for testing a substrate according to claim 
10, wherein said second voltage is applied to said signal 

65 lines and a fifth voltage higher than said third voltage is 
applied to said storage capacitor lines at said voltage apply- 
ing step. 
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15. The method for testing a substrate according to claim 
10, wherein the potential difference between the storage 
capacitor lines and storage capacitor electrodes is lower than 
20V 

16. The method for testing a substrate according to claim 
10, further including, electrically detaching said correspond- 
ing one of said storage capacitor electrodes from corre- 
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sponding one of said pixel electrodes upon detecting a 
substantial short-circuit between at least one of said storage 
capacitor lines and at least one of said storage capacitor 
electrodes. 
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